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Abstract— In this paper, a method of pattern-synthesis and
the exemplary implementation for a linear patch-antenna array
is examined. The synthesis procedure is based on the Inverse
Fourier Transformation (IFT) of a given characteristic with
consideration of the discrete excitation function of the radiating
edges. The theoretical verification of the synthesis is achieved by
the computation of the radiation-pattern of an ideal antenna-
array with respect to a radiation model for patch-antennas. For
the realization a new model for the feeding and transmission of
power via the lateral edges of a patch is presented. With this
model it is possible to compute the transmission characteristics
and radiation of a patch as a function of the position of the
feed lines at the lateral edges. From a full wave analysis the
modelled transmission characteristics have been verified. The
measurement results of a realized antenna have been compared
with the modelled and simulated radiation characteristics.
I. INTRODUCTION
In commercial applications, where size, weight, cost and
ease of installation are constraints, low profile antennas may be
required. To meet these requirements, microstrip patch anten-
nas a very popular. Array configurations of patch-antennas are
used to synthesize a required pattern that cannot be achieved
with a single element.
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       radiating edges
Fig. 1. Feed arrangements for microstrip patch arrays
The elements can be fed by a single line, as shown in Fig.
1(a), or by multiple lines in a feed network arrangement,
as shown in Fig. 1(b). The first is referred to as a series
feed network while the second is referred to as a corporate
feed network. In this paper, a specially case of a series feed
network, as shown in Fig. 1(c), is examined.
II. THE RADIATION MODEL
It is well known that for a rectangular patch-antenna in the
dominant mode, the tangential electrical fields at the radiating
edges cause the far field of the patch. These electric fields
can be modelled by two equivalent slots in conducting plane,
as shown in Fig. 2(a)(b). In the slot model chosen here, the
radiating slots are not perpendicular to the substrate, but are
oriented parallel to the radiating edges with width w, length
∆L and a mutual distance of L+∆L. The length Leff for a
patch in the dominant mode is Leff = λ0/2
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Fig. 2. Tangential electric fields of a x- resp. y-polarized patch, lying in the
xy-plane
∆L is the extension by the scattering field [2]. The tangential
electrical field of a x-polarized patch-antenna (Fig. 2(a)) is
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The spatial Fourier Transformation (FT) of (1) is
f˜x = E0 ·w ·∆L · sin(X1)X1 ·
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is the FT of one slot and equal excitation is assumed.
The FT f˜y of y-polarized patches can be derived in the same
way. With f˜x and f˜y it is possible to compute the far field of
a patch-antenna using the method of the stationary phase with
the stationary points kx = k0 sinϑcosϕ and ky = k0 sinϑsinϕ
[1]. In this model the tangential electric field is proportional
to the excitation coefficient.
With known width w, height h, frequency f0 and dielectric
constant εr we can derive the effective dielectric constant εr,eff,
length L and the length extension caused by the scattering field
∆L [3], [4], [5]. With given excitation coefficient (magnitude
and phase) all parameters needed for the far field computation
are available.
III. THE PATTERN-SYNTHESIS
In this chapter a method for the derivation of excitation
functions for linear patch arrays in the xy-plane with respect
to a given characteristic is examined. For simplification, the
given characteristic C(ϑ,ϕ) is reduced to a scalar component
Cx(ϑ,ϕ). Furthermore we evaluate the x-component for two
distinct cuts ϕ = 0◦ resp. ϕ = 90◦. Thus a one-dimensional
approach is possible. In our example the desired pattern is
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Fig. 3. Desired pattern for the synthesis
that of a sector antenna, as shown in Fig. 3. With respect to
realization aspects the maximum extension is set to ±1.6λ0.
A. The inverse fourier transformation with periodic expansion
For the determination of the characteristic of a rectangular
patch-antenna, lying in the xy-plane (Fig. 2), the aperture
antenna theory with the stationary points [1] has been used.
With respect to the FT of the radiation model the characteristic
is
C(x,y,z)' cosϑ · [ex f˜x(kx,ky)
+ ey f˜y(kx,ky)
− ez sinϑ
cosϑ ( f˜x(kx,ky)cosϕ+
+ f˜y(kx,ky)sinϕ)] (6)
By considering only the x-component, Eq. (6) is reduced to
Cx(x,y,z) = cosϑ · f˜x(kx,ky) (7)
That means, for the pattern synthesis we use only x-polarized
patch elements. In the ϕ = 90◦ resp. ϕ = 0◦ plane the normal-
ized spectral frequencies at the stationary points are
kx/k0 = ky/k0 = sin(ϑ) (8)
Now it is possible to transform the desired pattern into the
normalized spectral domain, as shown in Fig. 4. The FT f˜x of
the given characteristic Cx(ϑ,ϕ = 0◦,90◦) can be derived by
a division by cosϑ, as shown in Fig. 5.
Performing an IFT, the tangential electrical field-distribution
in the spatial domain can be evaluated. With the choice
of the plane ϕ = 90◦ the determined field-distribution, as a
function of the normalized values y/λ0, must be approximated
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Fig. 4. Desired pattern in the normalized spectral domain
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Fig. 5. FT of the desired pattern in the normalized spectral domain
by rectangle functions, where each rectangle represents the
excitation function of one radiating slot.
Choosing the plane ϕ = 0◦ the determined field-distribution,
as a function of the normalized values x/λ0, must be ap-
proximated by functions of dirac impulse pairs of the mutual
distance L (Fig. 2(b) with ∆L → 0), where each dirac im-
pulse pair represents the radiation of one patch element. The
determined functions f˜x(kx,y) are limited to the normalized
spectral frequencies between ±1. That means, the tangential
field component derived by the IFT results in an infinitely
expanded excitation function in the spatial domain. With
respect to realization aspects, the resulting excitation function
in the spatial domain must be limited. To reduce the deviations
caused by the limitation of the excitation functions in the
spatial domain, the method of periodic expansion for the
function f˜x(kx,y/k0) beyond the normalized spectral frequency
|kx,y/k0|> 1 range has been examined. The FT of the desired
pattern (Fig. 5) is repeated within the ranges ±1 to ±3, ±3 to
±5 etc. By performing a discrete IFT to the spectrum expanded
periodically, the resulting excitation function is mainly consist-
ing of a complex Dirac impulse sequence in equal distances of
λ0/2, as shown in Fig. 6. The values within a complete period
between two Dirac impulses are set to zero. Doing that, each
Dirac impulse can be assigned to an antenna-element, where
its magnitude corresponds to the excitation coefficient a of
this antenna element. Considering the limitation of the local
domain (±1,6λ0) in this example, we come up to a linear
antenna array, where the distance between the 7 elements is
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Fig. 6. Reduced visible range of the discrete IFT of the desired pattern
repeated periodically in the normalized spectral domain (real part)
λ0/2. In the following, the spectrum of the reduced excitation
function must match the output spectrum (Fig. 5) within the
frequency range of |kx,y/k0| ≤ 1 as well as possible.
B. Applying the method of IFT with periodic expansion to real
antenna arrays
The following refers to an antenna synthesis for the plane
of ϕ = 90◦. The complex Dirac impulses have been replaced
by rectangles of width w with same amplitudes. Each Dirac
impulse in the spatial domain depicts the center of the corre-
sponding rectangles, allowing the performance of a Discrete
Fourier Transformation (DFT) on the rectangle excitation
function.
For the verification of the synthesis the radiation model for
patch-antennas as described in section II has been used.
−80 −60 −40 −20 0 20 40 60 80
−50
−45
−40
−35
−30
−25
−20
−15
−10
−5
0
 θ in °
C x
 
(ϑ
,
 
φ =
 
90
°) 
dB
Radiation model
Synthesis
Desired pattern
Fig. 7. Verification of the synthesis with the radiation model
In Fig. 7 it can be shown, that the synthesis match the
desired pattern quite well.
IV. THE MODEL FOR LATERALLY FED PATCHES
While the center element is supplied at its radiating edge,
all the other elements are supplied at their non-radiating edges.
The desired excitation coefficients of the patch-elements can
be derived by transfer factors. With these transfer factors we
are able to variate the ratio between transferred and radiated
power per patch element. The variation of the transfer factors
is possible by changing the position of the connecting lines of
an individual patch. Therefore the characteristic of the transfer
factor as a function of the positions of the connecting lines
has to be known. Thereby the input reflection factor should
be held always minimal, in order to be able to connect side fed
patches without mutual interference. The dependence between
the radiation and the transferred power of a patch-element is
defined by the mismatching at the output of the patch.
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Fig. 8. Supply and transfer of power at the not radiating edges of a patch
with their corresponding equivalent circuit diagrams
The used model is an extension of the transmission-line
model [1]. As illustrated in Fig. 8, we are able to choose
between two different positions for the pair of connecting
lines, that is for x1 < x2 resp. x1 > x2. The elements R and
C represent the slot impedance of the radiating edges, which
can be determined from the slot admittance according to [1].
The two T-J Blocks in the equivalent circuit diagram depict
symmetrical T-junctions [2]. The patch edge is the reference
plane for the phase. With known resonance frequency as
well as all line parameters, the unknown parameters of the
equivalent circuit diagram can be calculated. With the equiv-
alent circuit diagrams shown in Fig. 8 and with respect to
S-parameter simulations, the characteristics of the magnitude
and the phase of S21(x2/L) resp. x1/L(x2/L) for optimal match
can be derived. Furthermore a characteristic for the necessary
length variation of the patch that guaranties an optimal match
(S11 < −40dB) at the desired resonance frequency f0 can
also be calculated. The modelled values have been examined
with a full wave analysis simulation program. The difference
between the model and the simulation program is, that by
the 1-dimensional network model no y-dependence of the
electromagnetic fields has been considered.
As shown in Fig. 9 resp. Fig. 10, the simulated S21-
characteristic matches the modelled one quite well.
V. REALIZATION OF THE ANTENNA
For the realization of the antenna, the determined excitation
coefficients ai must be converted to transfer factors. Only the
magnitudes of the complex excitation coefficients have been
considered. The accurate phases have been set by input line
length variations. The total necessary power is
Ptot =
+n
∑
i=−n
|ai|2 = |a0|2 +2
n
∑
i=1
|a2i | (9)
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Fig. 9. |S21| resp. x1/L for optimal match of the input line when x1 < x2
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Fig. 10. |S21| resp. x1/L for optimal match of the input line when x1 > x2
In the following first the center element a0 is considered. The
center element radiates the power Prad = |a20|, and the power
Ptrans = ∑ni=1 |a2i | has been transferred to the patch-element
a1. The radiated and transferred power of the center element
depends on the input power Pin = Ptot. With S10 = S−10 =√
Ptrans
Pin
the two transfer factors of the center element to the
neighboring elements are calculable. The other transfer factors
can be evaluated using the same procedure.
Because of the losses and the radiations of the connecting
lines, as well as the cross-polar component of the patch-
elements, the antenna is modelled as follows:
First the center element and the first two side elements have
been determined. With far field simulations the phases and the
transmissions of the first two identical connecting lines are
optimized. The ideal radiation model (section II) can be used
as reference for the far field simulations. After the optimization
of the first two connecting lines, two further patch-elements
are added, and the procedure repeated. With this kind of the
optimization we try to minimize the disturbing influence of
the connecting lines.
The complete antenna as shown in Fig. 11 has the dimen-
sions of 10cm ·3cm.
The measured 10dB bandwidth results in 3,38%. As shown
Fig. 11. Realized antenna
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Fig. 12. Far field of the antenna for ϕ = 90◦
in Fig. 12, the measured pattern match the simulated one very
well. In order to achieve the modelled slope of the far field,
the number of elements of the antenna has to be increased.
VI. CONCLUSIONS
In this paper a complete procedure for the modelling and the
realization of a linear, planar patch antenna array with respect
to a given characteristic has been presented. The developed
synthesis procedure results in tangential field distribution in
the antenna plane. Making use of well-known models for
the tangential field distribution of antenna elements, it is
possible to transform the field distributions, determined from
the synthesis procedures, in excitation functions of antenna
arrays. Furthermore, the excitation coefficients and the result-
ing power distribution has been determined using serial feeded
patch antennas at their not-radiating edges. The accuracy of
the examined procedures has been verified by field simulations
resp. measurements of a produced antenna.
REFERENCES
[1] C. Balanis, Antenna Theory. J.Wiley and Sons,INC., second ed., 1997.
[2] R. Hoffmann, Integrierte Mikrowellenschaltungen. Springer-Verlag, 1983.
[3] M.Kirschning and R.H. Jansen, “Accurate model for effective dielectric
constant of microstrip with validity up to millimetre-wave frequencies,”
in Electronics Letters, vol. 18, pp. 272–273, 1982.
[4] M.Kirschning and R.H. Jansen, “Arguments and an accurate mathematical
model for the power-current formulation of microstrip characteristic
impedance,” in Arch. Elektronik und ¨Ubertragungstechnik, vol. 37, 1983.
[5] R.H. Jansen and N.H.L.Koster, “Accurate results on the end effect of
single and coupled microstriplines for use in microwave circuit design,”
in Arch. Elektronik und ¨Ubertragungstechnik, pp. 453–459, 1980.
